Introduction {#S1}
============

Primary central nervous system lymphoma (PCNSL) is a rare variant of extranodal non-Hodgkins lymphoma (NHL). Cure is achieved only in a minority of patients using high-dose chemotherapy with or without whole brain irradiation.^[@R1]^ However, combined chemoradiotherapy often is associated with severe neurotoxicity leading to dementia. Therefore, new treatment targets are urgently needed.

Little is known about the pathogenesis of PCNSL. Increased expression of nuclear factor kappa-B (NF-kB)-regulated genes has been detected suggesting that this signaling pathway might be of particular importance.^[@R2],[@R3]^ B-cell activating factor belonging to the tumor necrosis factor family (BAFF) and a proliferating inducing ligand (APRIL) physiologically stimulate survival of B-cells through activation of the NF-kB-pathway.^[@R4]^ BAFF is usually expressed by macrophages, monocytes, and T-, but not B-cells. It binds to three receptors: BAFF receptor (BAFF-R), B-cell maturation antigen (BCMA) and transmembrane activator and calcium modulator cyclophilin ligand interactor (TACI). APRIL binds to BCMA and TACI. The BAFF/APRIL system might play an important role in the pathogenesis of systemic B-cell malignancies.^[@R4]--[@R7]^ However, this signaling pathway has not been systematically evaluated in PCNSL to date. Aim of this study was to assess the expression profile of the BAFF/APRIL system in PCNSL.

Materials and Methods {#S2}
=====================

Formalin-fixed, paraffin-embedded tissue sections from biopsy specimens of five newly diagnosed PCNSL were assessed. Antigen retrieval was done with target retrieval solution (S1699, Dako, Germany) for 10 min at 98.5°C. Endogenous peroxidase activity was reduced by incubation with 3% H2O2 for 10 min. We used the following primary antibodies: rabbit anti-human BAFF (ab117256, dilution 1:12.5), goat anti-human APRIL (ab110848, dilution 1:100), rabbit anti-human BAFF-R (ab5965, dilution 1:100), rabbit anti-human BCMA (ab115315, dilution 1:50), rabbit anti-human TACI (ab79023, dilution 1:50), mouse anti-human CD20 \[ab9475 (L26), dilution 1:35\], rabbit anti- human CD3 (ab5690, dilution 1:100) (all ABCAM, Cambridge, MA, USA), mouse anti-human CD68 (PG-M1, M 0876, dilution 1:100, Dako, Glostrup, Denmark) and rabbit anti-human BAFF (ABIN740175, dilution 1:50, antibodies-online inc., Atlanta, GA, USA). The following secondary antibodies were used: horseradish peroxidase conjugated polyclonal goat anti-rabbit (dilution 1:100), horseradish peroxidase conjugated polyclonal goat anti-mouse (dilution 1:200, both Dako, Glostrup, Denmark), and horseradish peroxidase conjugated polyclonal donkey anti-goat (dilution 1:125, Dianova, Germany). Visualization was done with DAB Chromogen (Dako, Glostrup, Denmark). Haematoxylin was used for counterstaining. The ethics committee of the University of Munich approved the study.

Results {#S3}
=======

We evaluated tissue sections from five patients with newly-diagnosed PCNSL. All tumors were histologically classified as diffuse large B-cell lymphoma (DLBCL). Immunohistochemistry revealed extensive nuclear expression of BAFF in all specimens ([Table 1](#T1){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}). BAFF staining was validated using two different antibodies. In contrast, APRIL was expressed in variable amounts in 4/5 specimens. Expression of BAFF and APRIL was not restricted to stromal or inflammatory cells, but was found mainly in CD20 positive tumor cells. Furthermore, all tumors showed at least weak expression of all three receptors ([Table 1](#T1){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}). Two tumors showed extensive expression of TACI and weak to moderate expression of BCMA and BAFF-R. The remaining specimens showed weak to moderate expression of all three receptors. As for the ligands, expression of BAFF-R, BCMA and TACI was found mainly within CD20 positive cells. All in all, most CD20 positive cells expressed not only BAFF/APRIL, but also at least one corresponding receptor.

Table 1Semi-quantitative assessment of expression of the BAFF/APRIL system in the different tumor specimens.PCNSLBAFFAPRILBAFF-RBCMATACIE123[+++](#TF1-4){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[+++](#TF1-4){ref-type="table-fn"}E236[+++](#TF1-4){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}E370[+++](#TF1-4){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[+++](#TF1-4){ref-type="table-fn"}E582[+++](#TF1-4){ref-type="table-fn"}[−](#TF1-1){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}E753[+++](#TF1-4){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[+](#TF1-2){ref-type="table-fn"}[++](#TF1-3){ref-type="table-fn"}[^3][^4][^5][^6][^7]

Figure 1Immunohistochemical stainings of specimen E582: Haematoxylin & Eosin staining (A) shows densely packed lymphoid tumor cells, which are positive for CD20 (B). Reactive CD3 positive T cells (C) and CD68 positive microglial cells (D) are found within the tumor mass. CD20 positive tumor cells show extensive expression of BAFF (E) and weak to moderate expression of BAFF-R (G), BCMA (H) and TACI (I). No expression of APRIL (F) was found in this specimen. Tonsil tissue served as positive control of anti-BAFF staining (J). Validation of anti-BAFF staining using a second antibody in tumor specimen E236 (K). Cerebellar tissue was used as positive control of anti-APRIL staining (L). Original magnification x200 (K, L), x400 (A--J).

Discussion and Conclusions {#S4}
==========================

Expression of components of the BAFF/APRIL signaling pathway has been shown in various systemic lymphomas.^[@R4]--[@R8]^ Overexpression of APRIL has been correlated with higher aggressiveness of B-cell lymphomas and expression of TACI has been associated with poor prognosis in Burkitt lymphoma.^[@R6],[@R9]^ Another study suggested that BAFF is able to decrease apoptosis and to enhance survival of malignant B-cells.^[@R8]^ Furthermore, patients with increased serum BAFF levels had a worse prognosis and BAFF levels correlated with transformation to a more aggressive tumor phenotype.^[@R8]^

So far, only one report deals with this signaling pathway in PCNSL: Krumbholz *et al.* found expression of mRNA for BAFF and its receptors in five PCNSL specimens. Evaluation of expression of the corresponding proteins, however, was done only for BAFF-R by immunohistochemistry.^[@R10]^ The authors assumed that BAFF might be expressed by astrocytes since they had found BAFF-expressing astrocytes in the context of multiple sclerosis lesions. In contrast, our results show for the first time, that CD20 positive tumor cells themselves extensively produce BAFF. Therefore, rather autocrine than paracrine stimulation of this signaling pathway might promote proliferation of lymphoma cells. These results indicate a pathogenic role of the BAFF/APRIL system not only in systemic B-cell lymphomas, but also in PCNSL. Therefore, this signaling pathway might represent a new treatment target. Indeed, Lyu *et al.* found a significant antitumor activity of a BAFF fusion toxin in DLBCL cell lines, which expressed BAFF recep-tors.^[@R11]^ Other groups recently achieved promising results using BAFF-mediated targeting of liposomal vincristine to malignant B-cells or monoclonal antibodies directed against APRIL.^[@R12],[@R13]^

Further in vitro and in vivo studies should address the role of the BAFF/APRIL system in PCNSL and analyze whether blocking this signaling pathway might be beneficial in the treatment of this disease.
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